OBJECTIVE: To determine whether overweight children have lower physical activity energy expenditure (EE) and ®tness levels than non-overweight children. STUDY DESIGN: Twenty-four healthy girls aged 7±10 y were divided into overweight ( b 95th percentile weight-forheight) and non-overweight (10±90th percentile) groups. Basal metabolic rate (BMR), sleeping metabolic rate (SMR), 24 h sedentary EE (SEE) and total EE (TEE) were measured by room respiration calorimetry and doubly labelled water. Physical activity EE and physical activity level (PAL) were calculated. Fitness (VO 2 peak) was measured by a treadmill exercise test. RESULTS: The overweight group had signi®cantly higher body weight, percent fat, fat mass and fat-free mass (FFM) (P`0.001). The overweight girls had higher BMR, SMR, SEE and TEE (P`0.001), but not after adjustment for FFM. Physical activity EE and PAL were not signi®cantly different between groups. After adjusting for FFM or weight, submaximal and peak VO 2 were not signi®cantly different between groups. CONCLUSIONS: We conclude that these overweight girls do not have lower physical activity EE or ®tness levels than the non-overweight prepubertal girls, however, the rather high body fat of the non-overweight group may have precluded us from ®nding any differences between groups.
Introduction
Obesity is an increasingly prevalent health problem in children, affecting 22±27% of US children and adolescents. 1±3 The increasing adiposity has been partly attributed to television viewing 4 and a sedentary lifestyle. 5 Some cross-sectional studies have reported that obese children are less active than normal-weight children, 4±7 whereas others have found no differences. 8, 9 Several methods exist to assess energy expenditure (EE) and ®tness. Indirect calorimetry can be used to assess basal metabolic rate (BMR) during a 30 min test or sedentary EE (SEE) during a 24 h test in a whole-room respiration calorimeter, whereas doubly labeled water (DLW) can measure free-living or total energy expenditure (TEE). Physical activity EE can be calculated as TEE7(BMR thermic effect of food), with physical activity level (PAL) as TEEaBMR. Aerobic capacity or physical ®tness is typically determined by measurement of maximal or peak oxygen consumption (VO 2 peak).
Utilizing some of these techniques, studies have evaluated EE and ®tness in children of varying levels of body fat. PAL has been found to be vary widely, ranging from 1.15±2.01, in children. 10±13 A low physical activity EE, only 16 .7% of TEE, was reported in children aged 5 y. 10 Two studies comparing obese and nonobese children have reported no signi®cant differences in TEE (measured by DLW), physical activity EE or PAL in either prepubertal children 14 or adolescents. 15 However, both studies suggested that the obese children had a reduced activity level. It is therefore of interest to combine two state-of-the-art techniques, 24 h indirect calorimetry and DLW, to compare the levels of SEE, TEE and physical activity EE in overweight vs non-overweight prepubertal children.
In studies comparing ®tness levels of overweight and non-overweight children, con¯icting results have been reported. Some studies have found decreased physical ®tness in overweight children, 16, 17 while others found no limitations in aerobic capacity during running and cycling. 18 Little is known about exercise economy (submaximal steady-state VO 2 , VO 2 aVO 2 peak, heart rate and ventilation) in overweight or non-overweight children. One study of obese adolescents reported a decreased ef®ciency with increasing workload, since the increase in calorie output with increased walking speed was nonlinear. 19 There is limited research available comparing overweight and non-overweight prepubertal girls for ®tness levels and physical activity EE. In addition, no studies of which we are aware have compared overweight vs non-overweight prepubertal children for SEE, TEE and physical activity EE utilizing DLW and 24 h respiration calorimetry. Therefore, the purpose of this study was to utilize state-of-the-art techniques to determine whether overweight children have lower physical activity EE and ®tness levels than non-overweight children.
Methods

Subjects
Twenty-four healthy girls (age range 7±10 y, Tanner stage I) were recruited through the media and schools in the Birmingham, Alabama area. Subjects were unrestricted as to racialaethnic background. Girls were divided, based on weight-for-height, into two groups. Girls in the overweight group (n 12) were b 95th percentile weight-for-height, while girls in the non-overweight group (n 12) were in the 10±90th percentile weight-for-height, according to the National Center for Health Statistics. 20 Individuals with cardiovascular disease, anaemia, diabetes, signi®cant renal or hepatic disease, hypothyroidism, musculoskeletal problems, those who took medications on a regular basis or those on special diets, were excluded from the study. All participants and their parents provided written informed consent to participate in this study, which was approved by the Institutional Review Board of the University of Alabama at Birmingham (UAB).
Testing sequence
Children were admitted to the General Clinical Research Center (GCRC) at the UAB Hospital at 07.00 h, after a 12 h overnight fast. After resting quietly, BMR was measured. Body composition was measured by dualenergy X-ray absorptiometry (DXA) later that day. Children in the overweight group spent one day in the GCRC, whereas the non-overweight group spent three days in the GCRC. Meals were prepared and consumed in the GCRC while admitted to the GCRC. The evening prior to the calorimeter test at approx. 18.00 h, a baseline urine was collected and the DLW dose given. On day 2 for the overweight group and day 4 for the non-overweight group, subjects underwent the 24 h calorimeter test. The urine collected in the calorimeter for the TEE determinations were the second and third voids of the morning following dosing, with the ®rst void of the day discarded. Subjects were fed meals prepared by the GCRC at around 08.00, 12.00 and 17.00 h with snacks at 10.00 and 14.00 h. The children exited the calorimeter the following morning. Approximately 14 d later, the children returned under fasted conditions in the morning for the treadmill test and for collection of the ®nal urines for the DLW measurements.
Dietary analysis
Subjects were fed a balanced diet while in the GCRC and the calorimeter. This diet was derived from the American Diabetes Association exchange lists for meal planning, designed to approximate 50% carbohydrate, 30% fat and 20% protein. The energy intake in the groups differed because the children were involved in different protocols; that is, data were pooled from two protocols made in the same laboratory. Children in the non-overweight group were fed ad libitum (350 kJakg of body weight), whereas intake in the overweight group was based on the child's weight (188 kJakg of body weight). These children were not on an energy restricted diet. The main variables of interest were total energy intake and percent of energy from carbohydrate, protein and fat. Food records were analyzed using the Minnesota Database System (Minneapolis, MN).
Body composition
Body composition was assessed by DXA (DPX-L, Lunar Radiation Corp., Madison, WI). For those children weighing`30 kg (non-overweight group), the scan was analyzed using the Pediatric Software (Version 1.5e) which uses a higher tube current and smaller collimation for greater contrast. For those subjects weighing b 30 kg (overweight group), the scan was analyzed using the Adult Software (Version 3.6z). The DXA allows for determination of total and regional lean tissue mass, fat tissue mass (FM), and bone mineral content. Fat-free mass (FFM) is de®ned here as the sum of lean tissue mass and bone mineral content. The subject was asked to lie motionless on a table for approx. 20 min.
VO 2 peak and exercise economy
Fitness capacity was measured by a VO 2 peak test. The treadmill protocol involved a constant speed of 2.5 mph at an initial 0% grade for the ®rst 4 min. The average of min 3 and 4 constituted the steadystate. The grade was then increased to 10%. Every 2 min thereafter, the grade was increased by 2.5% to a maximum of 22.5%, when speed was increased by 0.6 mph. Exercise measures (VO 2 , VO 2 aVO 2 peak, ventilation and heart rate) and respiratory quotient (RQ) were examined during the steady-state period. VO 2 peak was determined by an RQ b 1.0, heart rate b 195 bpm and volitional fatigue. A Sensormedics 2900 metabolic cart (Sensormedics, Yorba Linda, CA) was used to analyse respiratory gases. The coef®cient of variation (CV) for VO 2 peak is 5±7%.
Energy expenditure (EE)
1. Basal metabolic rate (BMR). BMR was determined in the morning after a 12 h overnight fast. The subjects reported to the GCRC at 07.00 h. After resting quietly for 30 min, BMR was determined Activity energy expenditure in girls MS Treuth et al using a Deltatrac system (Sensormedics) for 30 min. BMR was calculated using the equation of de Weir. 21 The CV for BMR is 5.8%.
2. Calorimeter measurements of EE and substrate oxidation. The subjects spent either 1 d (overweight group) or 3 d (non-overweight group) in the GCRC prior to the 24 h calorimetry measurements, depending on which protocol the children were involved in. Measurements of 24 h EE and substrate oxidation were taken in a whole-room respiration calorimeter (3.38 m long, 2.11 m wide and 2.58 m high). The calorimeter design characteristics and calibration have been previously described in detail. 22 Brie¯y, the room was equipped with a fold-out bed, desk, chair, lamp, refrigerator, toilet, sink, TVaVCR and telephone. Oxygen consumption (VO 2 ) and carbon dioxide production (VCO 2 ) were continuously measured by the magnetopneumatic differential O 2 analyser (Magnos 4G, Hartmann & Braun, Frankfurt Germany) and the NDIR industrial photometer differential CO 2 analyser (Uras 3G, Hartmann & Braun). The calorimeter was calibrated before each subject entered the chamber. The zero calibration was set simultaneously for both analyzers. The full scale was set at 0±1% and 0±2% for the CO 2 and O 2 analyzers, respectively. Based on duplicate studies in 19 children, the average CV for 24 h EE was 5.6% and for 24 h RQ was 2.0% (R. Figueroa-Colon, unpublished observations).
The subjects entered the calorimeter at 08.00 h. During the stay in the calorimeter, the subject was not allowed to exercise, although freedom of movement was permitted at all times during the day. The subject was awakened the following morning (06.30 h). The subject exited the room after 23 h in the chamber, allowing time for calibration before the next subject entered. Sleeping metabolic rate (SMR) and 24 h SEE were calculated by the de Weir equation. 21 All measures of EE were extrapolated over 24 h and expressed as kJad. For the purposes of this study, SMR was determined by averaging EE from the time when the child went to sleep until she was awakened. Protein oxidation was determined from 24 h urinary urea nitrogen excretion. Carbohydrate and fat oxidations were calculated from the 24 h nonprotein respiratory quotient (npRQ) and expressed as percentages of nonprotein EE or NPEE. 23 3. Free-living energy expenditure. DLW was used to measure TEE over a 14-day free-living period. A baseline urine sample was collected in the evening at the GCRC prior to the 24 h calorimetry, and was followed by oral administration of DLW at approximate doses of 0. H 2 O were calculated from the slope and intercept of the regression line between the natural logarithm of isotope enrichment in urine and time after dosing, as previously described. 12 The dilution space ratios were 1.0466 AE 0.0201 and 1.0501 AE 0.0184 in the overweight and non-overweight groups, respectively. These dilution space ratios were not signi®cantly different from each other. The mean of each group was used for all calculations. CO 2 production rate was calculated according to equation R2 of Speakman et al, 25 which is a modi®cation of equation A6 of Schoeller et al, 26 based on post-hoc evaluation of the group mean deuterium : oxygen-18 dilution space ratio. CO 2 production rates were converted to EE using the de Weir equation 21 using the food quotient (FQ) of the diet based on the child's diet composition from 4 d food records (FQ 0.88). Accurate measurement of the FQ is not critical for interpretation of DLW data, as TEE estimates will be in error by only 1% for 0.01 unit error in FQ. Total EE was calculated with the de Weir equation. 21 Assuming that 10% of TEE was due to the thermic effect of food, 27 physical activity EE was calculated as TEE7(BMR 0.16TEE). PAL was calculated as TEEaBMR.
Statistical analyses
Comparisons between groups were conducted using one-way ANOVA. For those variables of interest which were signi®cantly different between the groups, FFM and in some cases, FM or weight, were used as covariates. All data presented using the ANCOVA is expressed as the mean AE s.e.m. First for these ANCOVAs, the homogeneity of regression slopes was completed. All data were analysed by SAS for Windows (Cary, NC) with signi®cance set at P`0.05.
Results
Subject characteristics (Table 1) There were no signi®cant differences in age or height between the two groups. The overweight group had signi®cantly higher body weight, percent fat, FM and FFM than the non-overweight group (P`0.001).
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Energy intake
There were no signi®cant differences in the percent of calories from protein (12 AE 1 vs 14 AE 1%), carbohydrate (63 AE 1 vs 61 AE 1%) or fat (27 AE 1 vs 27 AE 1%) between the overweight and the non-overweight groups, respectively, for the day in the calorimeter. Thus, the FQs of the diets were identical (0.92 AE 0.01). No differences in energy intake between the overweight (9012 AE 2017 kJad) or the non-overweight (10 033 AE 2582 kJad) groups were evident (Table 2) . Energy intake was not signi®cantly different from 24 h EE in the calorimeter for the overweight group. However, energy intake was signi®cantly greater than 24 h EE (P`0.001), indicating a positive energy balance for the day in the calorimeter in the nonoverweight group.
Energy expenditure (Table 2) Basal metabolic rate (BMR). BMR was 929 kJad higher in the overweight children (P`0.001) and remained signi®cantly different between the groups when adjusted for energy balance (P`0.01). However, after adjusting for FFM, the two groups were no longer different. There were no differences in basal npRQ and thus no differences in carbohydrate or fat oxidation at rest (data not shown).
Calorimeter measurements of EE. The overweight children had a 946 kJad higher absolute SMR (P`0.001). SMR remained signi®cantly greater in the overweight group after the data were adjusted for energy balance (P` There was a signi®cant difference in 24 h npRQ, with higher values in the non-overweight group (P`0.01). Carbohydrate utilization (%NPEE) was Activity energy expenditure in girls MS Treuth et al higher in the non-overweight group (P`0.01); whereas fat utilization (%NPEE) was lower in the non-overweight group (P`0.01) ( Table 2) . After adjusting either carbohydrate or fat oxidation for FFM, there was still a signi®cant difference between the two groups (P`0.01). As mentioned in the energy intake section, the non-overweight group was in a positive energy balance. The differences in energy balance explained the higher npRQ in the non-overweight group. When carbohydrate and fat oxidation were adjusted for energy balance, there was no longer a signi®cant difference between the two groups. TEE, AEE and PAL were also calculated using a dilution space ratio of 1.034 as recommended by Coward et al, 28 as shown in Table 2 . TEE was not signi®cantly different between the groups when adjusted for FFM, both FFM and FM, or weight. AEE and PAL were also not different between the two groups.
VO 2 peak and submaximal exercise (Table 3) There were no differences in either submaximal or peak heart rates or respiration rates between the groups. The overweight group had signi®cantly higher peak ventilation (P`0.01), with a slightly, but not signi®cantly (P 0.055) higher submaximal ventilation. Submaximal and peak VO 2 were greater in the overweight group (P`0.01), with no differences in VO 2 aVO 2 peak ratio. Expressing these in terms of body weight, the values were 14.7 AE 2.6 and 16.6 AE 2.5 mlakgamin for submaximal VO 2 , and 32.9 AE 5.1 and 23.1 AE 5.3 mlakgamin for VO 2 peak. However, when ANCOVAs were completed using FFM as the covariate, no differences between the overweight and non-overweight groups were evident for submaximal VO 2 , peak VO 2 or peak ventilation. When weight was used as a covariate, there were no signi®cant differences between the groups for submaximal VO 2 or for VO 2 peak. The steady-state RQ was signi®cantly lower in the overweight group (P`0.05), with no differences in RQ at peak exercise. Treadmill time was signi®cantly longer in the nonoverweight group by 1 min 48 sec (P`0.05). Signi®-cant relationships were observed between TEE and submaximal and peak VO 2 ; and AEE and submaximal and peak VO 2 (P`0.05). However, these were not signi®cant when FFM was used as a partial variable. 
Discussion
In this study, energy expenditure and substrate oxidation were adjusted for energy balance and for body composition. After adjusting for energy balance, the differences between the groups for BMR, SMR and 24 h SEE remained. Although we detected differences in substrate oxidation between the groups, with the non-overweight group having greater carbohydrate oxidation, these differences were due to the positive energy balance in the non-overweight children. (This was because the non-overweight group was fed ad libitum and the overweight group was fed a controlled diet.) Yet, after adjusting for body composition, the observed differences in BMR, SMR and 24 h SEE between overweight and non-overweight prepubertal girls were no longer apparent. With a sample size of 12 subjects per group, we could detect a difference of 502 kJ between each group for the BMR measurements with a power of 0.81. The TEE (unadjusted) was greater in the overweight girls, and these differences were thus explained by the higher FFM and by the higher body weight. No differences were found between the groups in physical activity EE or physical activity level. This lack of differences may be due to the rather high body fat in the non-overweight group. In addition to the ANCOVA procedures, stepwise regression was run after combining the groups in order to examine whether there were any relationships between EE measures and body composition. The results were similar, that is, FFM entered into the regression model for those variables that were signi®cantly different between the two groups. The entire group was heterogeneous, in that there was some overlap in FFM between groups. Positive correlations were found for the entire group between SEE and FFM (R 2 0.76, Figure 1 ), between TEE and FFM (R 2 0.65), and between TEE and weight (R 2 0.61, Figure 2 ). Our ®ndings of no differences between the groups after adjusting for body composition, agree with previous investigators 11, 14, 15, 29 despite differences in study design and methodology. Two cross-sectional studies 11, 29 examined the relationship between EE vs fatness in infants and children, and reported no relationships between TEE, BMR or activity EE and fatness in children or fatness in parents. Comparing children divided into groups based on skinfold fatness, Delany et al 14 reported no differences in FFM, BMR and TEE, but suggested a reduced PAL in the obese children. Their group in the highest tertile of skinfold fatness was similar to our non-overweight group, in terms of fatness measured by DXA (29% vs 28%); whereas our overweight subjects were fatter (39% body fat). The TEE of our overweight group was lower in comparison.
14 Our children were approx 8.5 y of age with a PAL of 1.5±1.6 AE 0.2, compared to approx 10 y with a PAL of 1.7±1.8 AE 0.1.
14 It is likely that there is too much variance to see a signi®cant difference between the two studies. Also, because the regression of TEE vs BMR does not go through the origin, PAL will be lower in subjects with a lower BMR. In addition, Torun et al 30 reported PAL's for girls aged 5±9 y from industrialized societies to be 1.58 (data compiled from four studies, n 232 child-ren). Thus, the PAL seen in our children agrees with their data.
In Table 2 , the TEE was reported using the group mean dilution space ratio and also using a ratio of 1.034 as recommended by Coward et al. 28 Using the group's mean ratio, the overweight subject's freeliving energy expenditure (TEE) was 88 kJad lower than their energy expenditure in a con®ned room (SEE). For the normal-weight group, the free-living was only 268 kJad higher than the con®ned expenditure. However, if a dilution space ratio of 1.034 is used, the TEE is greater than the SEE for both groups. The difference between the TEE and SEE are 339 kJ for the overweight group and 703 kJ for the nonoverweight group.
When we compare our two groups using both the TEE and BMR data, the overweight children appear as active as the non-overweight children, since the PALs (TEEaBMR) were similar. The slightly (but not Activity energy expenditure in girls MS Treuth et al signi®cantly) higher physical activity EE could indicate that it costs the overweight children more energy to do the same amount of activity. Our treadmill data supports this. During steady-state walking at 2.5 mph, the overweight group had a signi®cantly higher VO 2 than the non-overweight group, and consequently, expended more energy doing the same amount of activity. This is due to the higher FFM and weight of the overweight children. Gutin and Manos, 31 who prefer a movement index, (that is, activity EEabody weight), reported that obese girls were signi®cantly less active than nonobese girls. However, when calculating this movement index, we found no signi®cant differences between groups (48 AE 17 vs 55 AE 38 kJakg). The mean differences may indicate that there could be differences between groups, but we cannot detect any differences with our sample size and power.
To explore the possibility of more movement in the non-overweight group, we calculated the amount of time spent in activity that was of the same energy expenditure as the steady-state walking. To do these calculations, we determined (1) the submaximal treadmill exercise cost [(steady-state VO 2 7BMR VO 2 )65 kcalal O 2 ], and (2) the amount of time spent during the free-living situation at this energy level (activity EE in kcalathe submaximal exercise cost in kcalamin). We are assuming that the daily energy cost of activity in the free-living environment is similar to the cost of walking at our steady-state level. The amount of time spent in activity similar to steady-state low intensity walking was not different (P 0.7) between the overweight (215 AE 60 min) and non-overweight (257 AE 201 min) groups. Compared to the DLW data, when TEE was adjusted for body weight, there were no differences between the groups. Thus, the extra energy required to move around in the overweight children is due to the higher body mass.
One consideration is the de®nition of our groups. If normal-weight was de®ned as the 20±85th percentile, three subjects would be excluded. Statistical analysis revealed the same conclusions with these subjects removed. The lack of activity differences between groups may be related in part to the high fatness in the non-overweight group. It would be interesting to compare these girls to a group with a lower body fat to determine if activity levels differ. VO 2 peak differences between the groups were due to the higher FFM or weight in the overweight group. In contrast, several studies 16, 17, 32 have demonstrated that obese children are generally less ®t than nonobese children. A study in girls aged 7±17 y reported strong associations at the extremes of body composition levels, that is the most obese girls had the lowest ®tness levels. 32 We also did not ®nd any differences in submaximal VO 2 between the groups after adjusting for FFM. This is in agreement with a previous study which reported that EE of walking on a treadmill, adjusted for body weight or FFM, was not greater in obese than non-obese children. 33 It may be that at higher steady-state workloads above our intensity level, exercise economy may differ between the overweight and non-overweight child.
In conclusion, these overweight prepubertal girls were not signi®cantly different from the non-overweight girls for BMR, SMR, SEE, TEE and VO 2 peak after adjusting for differences in FFM. The higher TEE could also be explained by the higher body weight in the overweight group. Activity EE and PALs were not signi®cantly different. Thus in this sample, using state-of-the-art techniques we have shown that our sample of overweight prepubertal girls do not have lower physical activity EE or ®tness levels than non-overweight girls. However, the nonoverweight girls did have a rather high body fat which may have precluded us from ®nding any differences between the groups. Further studies are needed to examine the possibility that reduced physical activity EE is a predisposing factor to the development of obesity in children.
